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Life is just one damned electron after another…
Allen Hill (attrib.)
Electron transfer plays a crucial role in photosynthesis, respiration, nitrogen fixation, and in many other biochemical processes (including consciousness). Indeed, more than 10% of the structurally-characterized proteins in the Protein Data Bank are redox proteins, i.e. proteins that participate in, or catalyse, electron transfer. If we want to understand life, then we will first have to understand the role of electrons in living systems. Elsewhere, we have called this field of study "Electronomics".
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Reorganization energy, λ
The reorganization energy is the work needed to convert the stoichiometry and conformation of the reactants into the stoichiometry and conformation of the products, in the absence of electron transfer. Marcus theory asserts that this work is due to the re-orientation of solvent molecules. By contrast, Fletcher theory asserts that this work is due to the electrostatic re-ordering of the entire ionic atmosphere, including co-ions and counter-ions. 
Molecular Orbital Theory
Today, molecular orbitals are very well understood at the level of molecular structure, but less well understood at the level of rates.
Hund Mulliken
The concept of "molecular orbital" was introduced by Robert Mulliken in 1932, based on earlier work by Friedrich Hund.
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A special case of molecular orbital theory is its application to transition metal complexes. This is called Ligand Field Theory. [Co(NH 3 ) 6 ] 3+ absorbs in the blue and therefore appears orange-brown.
Ligand Field Theory
[Co(NH 3 ) 6 ] 2+ absorbs in the green and therefore appears red. The Co 2+ /Co 3+ Reaction Is "Spin Forbidden"
The electrons distribute themselves differently in the two different oxidation states of cobalt. The 2+ state is high-spin (three unpaired electrons) whereas the 3+ state is low-spin (no unpaired electrons). Thus, electron transfer is accompanied by a change of spin state, making the whole reaction very slow indeed.
For simplicity, the energy levels are shown equalized in the transition state.
